Introduction
Thermal characterization of materials, even of those usually not considered as good heat conductors, became more and more important during the last few years, mainly due to the increased research and demand for new materials with very specific functionalities. Those often require a very strict and trustable characterization. The photothermal beam deflection technique is a very powerful one for a straight and rigorous determination of the thermal diffusivity of solids. However, for materials with low thermal diffusivity values, the simplest experimental procedure becomes useless. The complexity of the analysis of experimental data obtained by photothermal beam deflection when applied to low thermal diffusivity materials is usually related to the very low magnitude of the measured signals when the distance pump-probe beam increases. In the most common configuration, the samples are just immersed in air. Being air a relatively good heat diffuser, it becomes competitive when the thermal diffusivity of the samples is lower than that of air. In this case, a multi-parameter fitting is necessary in order to calculate the thermal parameters from the experimental data. This makes the process much more complex and time consuming.
To be able to apply simple methods (e. g. the "phase method") to a straightforward thermal diffusivity determination, in any range of values, one has to guarantee that the thermal diffusivity of the material under study is higher than that of the surrounding medium [1] . For low diffusivity materials and using air as surrounding medium the mentioned condition is not fulfilled. To overcome this problem carbon tetrachloride (CCl 4 ) is often chosen [2] , once its properties are ideal for this application, but its use should be avoided due to health risks related.
The study of alternative surrounding media was carried out within this work. Although CCl 4 was also studied, the main idea was to find alternatives to air rather than CCl 4 . Taking then CCl 4 as a reference medium, ethanol, water and acetone were studied as potential alternatives.
Reference materials with well known thermal properties, covering different ranges of thermal diffusivities, were used as test samples. To achieve the desired results, as the thermal diffusion length becomes smaller, a very careful control of the experimental conditions, mainly the optical alignment, is needed. Other experimental parameters like the pump beam power and the modulation frequency were also controlled, to find the ideal set of experimental conditions for each range of thermal diffusivities [3] . As with any other liquid used as surrounding medium, the reactivity of the material under study related to liquid, must be evaluated before the experiment.
In section 2 brief details about the experimental setup are shown. In section 3 some of the main results obtained are presented. Conclusions are presented in section 4.
Experimental
The experimental setup used in this work ( Fig. 1 ) uses an argon ion laser (Ar + INNOVA90) as pump beam. An acousto-optic modulator (IntraAction Corp. ME-40) was used to modulate the pump beam. The modulation frequency was controlled directly by a two-phase Lock-in amplifier (SR830 DSP). The probe beam used is a low power He-Ne laser (r probe  70 m), and is part of a compact mirage cell [4] which includes also the focusing optics for the probe beam; the quadrant detector of photodiodes, allowing parallel and transverse measurements of the probe beam deflection; the sample holder mounted in a translation stage, which allows the rotation around the axis normal to the plane that contains the two laser beams and the control of the offset between the probe beam and the sample surface. The quadrant detector was connected to the lock-in amplifier. The whole process of scanning and data acquisition is controlled by software. The experimental data are fed to a computer for latter analysis.
The experimental setup was mounted on a vibration-isolated table.
In this work four different surrounding fluids were tested -air, ethanol, water and carbon tetrachloride. Table 1 shows some of the most relevant parameters of those liquids, taking into account this specific application. The use of liquids implied the use of a quartz cell (10 mm  10mm  40 mm). The sample was placed vertically and completely covered by the liquid. With the help of a screw, connected to a step motor it was possible to adjust the sample surface parallel to the probe beam. The measurement process is computer-controlled, with the amplitude and phase lag data registered as a function of the pump beam-probe beam distance (controlled by a step motor with a minimum step of 2.5 m).
Results
The selection of results to be presented in this section is mainly focused on ethanol, once it is the obvious choice for future applications. The results will point out the role of the pump beam power and of the modulation frequency in the quality of the experimental results. An extensive and detailed report of all the experimental data obtained in this study can be found in reference [3] . In results, the experimental care that has to be taken when using water or acetone makes the process too difficult and time consuming [3] . In Fig. 2 the phase of the tangential component of the deflection vector is represented as a function of the pump-probe distance. The data showed was obtained for the low thermal diffusivity reference sample immersed in ethanol, for different modulation frequencies (a) and pump-beam power (b). Note: phase values on Fig. 2 b) were shifted in order to allow a better visualization. The slope of each curve remains, obviously, the same.
The data were divided into two distinct parts (1 and 2) for which the measurement is considered either far enough from the intersection of the two beams (zone 1) or not (zone 2). For the first group the pump beam can be considered as a punctual heat source (d >> r pump ), simplifying the analysis. Table 3 presents the thermal diffusivity values obtained from the data above. 
Conclusions
Experimental results obtained in the four different media, for materials in all ranges of thermal diffusivities, were compared showing that the use of ethanol as surrounding medium is the only one that can be competitive with CCl 4 . The experimental data obtained, when using ethanol as surrounding medium, even for materials with very low values of thermal diffusivity, revealed that very stable signals can be measured using a pump beam power much lower when compared to the power needed when using air, allowing us to conclude that the use of ethanol leads to a very significant increase in the sensitivity of the technique, working as a "signal amplifier". The numerical values obtained for the thermal diffusivity of the test samples clearly match the known values.
